Human neutrophils were separated into two fractions using a continuous density gradient of Percoll solution. A marked decrease in 02 -production was observed in the low-density neutrophil fraction. There was little erythrocyte contamination in the high-density neutrophil fraction (<O.5°), and thus the hypotonic or ammonium chloride lysis of erythrocytes was not necessary.
Preparing a pure preparation of human neutrophils from human peripheral blood is important for the investigation of neutrophil functions. The method of BoYUM (1968) is suitable for the isolation of mononuclear cells, but it cannot produce a pure preparation of neutrophilic granulocytes. A similar limitation exists in the modified methods based on the Boyum's principle (SEGAL and PETERS, 1977; ENGLISH and ANDERSEN, 1974) . In these methods, considerable numbers of erythrocytes still remain in the crude neutrophilic granulocyte fraction because of the high specific gravity of erythrocytes, and thus ammonium chloride lysis or hypotonic lysis of erythrocytes is usually necessary. The purification of the crude granulocyte fraction using the Percoll-plasma gradient also suffers from erythrocyte contamination (DANPURE et al., 1982) . A recent modification of the Percoll-plasma gradient method (HASLETT et al., 1985) produced a relatively pure (>95) preparation of neutrophilic granulocytes. However, the neutrophil fraction formed a wide and unclear band in the Percoll gradient. We report here a new method to purify a neutrophil fraction from human peripheral blood using a self-generated continuous density gradient of Percoll.
The isolation of crude granulocytes was performed by the Lymphoprep centrifugation with a minor modification using a dextran sedimentation method (SEGAL and PETERS, 1977) . Venous blood (36 ml) was collected from the antecubital vein of healthy young males using 1/10 volume (4 ml) of 3.300 trisodium citrate as an N. UYESAKA, A. TAJIRI, and K. ARAI anticoagulant. Two parts of citrated blood (40 ml) were mixed with one part (20 ml) of 6 % dextran solution [6°c dextran in piperazine-N,N'-bis (2-ethanesulfonic acid) monosodium salt (PIPES-Na)-buffered solution; 140 mM NaCI, 10 mM PIPES-Na buffer, pH 7.4; PIBS]. The molecular weight of dextran was 180,000 (Nacalai Tesque, Ltd.). The blood sample (60 ml) was held vertically for 60 min at 23°C to allow erythrocytes to sediment, and the plasma supernatant was obtained (approximately 30 ml). Five ml of the supernatant plasma was layered on the surface of 3 ml of isotonic Lymphoprep solution (density 1.077 g/ml, Nyegarrd and Co.) in a plastic tube, and a crude separation of neutrophilic granulocytes from platelets and lymphocytes was made by centrifugation (400 x g for 20 min) at 23°C. The pellets contained not only neutrophilic granulocytes and erythrocytes but also monocytes as shown in Fig. 1 . The second step was to purify the neutrophilic granulocyte fraction using a self generated continuous gradient of Percoll. The pellets in the tube obtained by the Lymphoprep centrifugation method were resuspended gently but thoroughly with 2 4 ml of PIBS solution containing 0.1 mM EDTA (ethylenediaminetetraacetate). Density Marker Beads (Pharmacia) were used to monitor the density gradient of Percoll. Nine types of Density Marker Beads were suspended in 2 ml of PIBS containing 0.1 mM EDTA. The 2 ml cell suspension or the Density Marker Beads suspension was mixed with 20m1 of a diluted (80%) isotonic Percoll solution (density 1.110 g/ml, pH 7.4, osmolality 295 mOsm/kg H2O). The mixture was incubated for 10 min at 23 C, and then centrifuged at 24,000 rpm (50,000 x g) for 20 min at 23°C using a preparative ultracentrifuge (65P, Hitachi, Ltd.) with an angle rotor (RP 30-2, Hitachi, Ltd.; the rotor angle was 26°). A dilute isotonic Percoll solution (100 ml) was prepared by mixing 80 ml of Percoll (density 1.130 g/ml) with 1 ml of 100 mM EDTA solution (adjusted to pH 7.4 by NaOH solution), 10 ml of 1.25 M NaCI solution containing 100 mM PIPES-Na buffer (pH 6.5) and 9 ml of distilled water. In order to obtain a good result for cell separation, the diluted isotonic Percoll solution was prepared at least one day in advance. Much care was taken in the present experiment in order to perform the separation of the neutrophilic granulocyte fraction at a constant temperature since the development of Percoll gradients was affected by temperature (data not shown). Therefore, thermostatic control during the separation process was necessary for the complete separation of neutrophilic granulocytes and erythrocytes. When the temperature was above 25°C or below 20°C, the complete separation of neutrophilic granulocytes and erythrocytes was not obtained. Figure 1 shows the separation of neutrophilic granulocyte fraction using the continuous density gradient of Percoll. The top band (B 1) consists of low-density neutrophils and monocytes; the second band (B2) is a high-density neutrophil fraction (see Fig. 2) ; and the third (B3) consists of erythrocytes. There was little erythrocyte contamination (<0.5°c) in the high-density neutrophil fraction, and ammonium chloride lysis or hypotonic lysis for the contaminated erythrocytes (which may cause non-specific effects on neutrophils) was, therefore, not necessary. Neutrophils can be separated from Percoll by washing with PIBS (5 to 1 volume of cell suspension). The first washing was performed by centrifugation at 200 x g for 5 min and the second at 150 x g for 5 min. Table 1 shows the recovery ratio of the separated cells in this experiment. Figure 2A shows a photomicrograph of the highdensity neutrophils taken by a differential interference contrast microscope (TMD, Nikon) at a magnification of 400 x. The cells were fixed with a glutaraldehyde solution containing 50 mM phosphate buffer (pH 7.4) with the osmolality adjusted to 295 mOsm/kg H2O. It is worth noting that the neutrophils appeared to have normal shape although blood plasma was not used in the preparative procedure. In our experience, no use of blood plasma permitted experiments which avoided the risk of perturbing physiologic responses of neutrophils affected by blood plasma. The cell purity was estimated by staining a thin film of specimens on glass slides: the cells were resuspended in PIBS containing blood plasma, smeared, fixed, and stained with the Wright stain. The Wright stain in the top band (B1) shows that this fraction consisted of low-density neutrophils (-' 70%), monocytes (~ 27%), eosinophils (-1.5%), and basophils (~ 1.5%). Figure 2B shows that the separated highdensity neutrophil fraction (B2) was predominantly polymorphonuclear neutrophilic granulocytes (>95°c) containing a few eosinophils (<4.5%) and erythrocytes (<0.5%). There was no monocyte contamination in this fraction. Since neutrophilic granulocytes in this fraction were >95%, the final recovery ratio of neutrophils became >75% (see Table 1 ). Figure 3 shows a typical profile of activities of respiratory burst of the low-density neutrophils, the high-density neutrophils, and the "conventional neutrophils," respectively. The "conventional neutrophils" were prepared as follows: The pellets obtained by the Lymphoprep centrifugation method were resuspended in 3 ml of 50 mOsm/kg H2O PIPES-Nabuffered NaCI solution (pH 7.4) for 30s at 4°C in order to lyse erythrocytes. Isotonicity was immediately restored by the addition of 3 ml of 540 mOsm/kg H2O PIPES-Na-buffered NaCI solution (pH 7.4). The cells were collected by centrifugation at 200 x g for 5 min, and washed with PIBS by resuspension and centrifugation at 150 x g for 5 min. The measurement of superoxide anion (02 y ) production by phorbol 12-myristate 13-acetate (PMA)-activated neutrophils was performed according to the method of Cohen and Chovaniec (COHEN and CHOVANIEC,1978 ) using a two-wavelength double-beam spectrophotometer (Model 356, Hitachi, Ltd.). As shown in Fig. 3 , the high-density neutrophils showed the highest respiratory burst activity among them in contrast to armarkedly decreased level of 02 -production in the low-density neutrophils. A detailed study of respiratory burst activities of these two subsets of human peripheral neutrophils is in progress in our laboratory. It is concluded, therefore, that the present separation method which involves a continuous density gradient of Percoll enables us to prepare a fraction of human peripheral neutrophils with the highest respiratory burst activity.
We would like to express our sincere thanks to Associate Director S. J. Kim, Membrane Fig. 3 . 02 -production by the high-density neutrophils (a), the "conventional neutrophils" (b), and the low-density neutrophils (c). Respective cell preparations (3 x 105/ml) were incubated at 36°C in isotonic PIPES-Na-buffered NaCI solution (pH 7.4) containing cytochrome C (60pM), glucose (2 mM), CaCl2 (0.5 mM), and MgC12 (0.5 mM). PMA (1pg/ml) was added at zero time. The absorbance at 550 nm was recorded continuously using a double-beam spectrophotometer.
